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(57) Abstract: 

PROBLEM TO BE SOLVED: To manufacture a single 
crystal silicon wafer where crystal defects such as COP 
(crystal originated particle) present on the surface 
part of a wafer are reduced to an irreducible minimum so 
as to provide a device use single crystal silicon wafer 
which is excellent in electrical properties such as 
oxide film breakdown voltage, electrical reliability and 
others and to combine proper single crystal silicon 
pull-up conditions and hydrogen annealing conditions 
together so as to improve a defect-free single crystal 
silicon wafer in productivity, to lessen hydrogen gas in 
consumption, and to lessen the single crystal wafer in 
manufacturing cost. 



SOLUTION: A single crystal silicon wafer formed by 
growing a single crystal silicon rod through a 
Czochralski method is thermally treated in a reducing 
atmosphere through a method, wherein the wafer is 
obtained from a single crystal rod which is obtained as 
pulled up at a growth rate of 0.6 mm/min or above and 
contains oxygen of concentration 16 ppma and where 
hollow COPs each 60 to 130 nm in size are densely 
present, and the wafer is subjected to a heat treatment 
in which the wafer Is subjected to annealing carried out 
at 1200''C or above for one second or more through a 
quic k heating/quick cooling device or the wafer is 
"Subjected to annealing carried out at 1200°C or above 
for thirty minutes or more through a batch heat^ 
treatment oven, and a defect-free single crystal silicon 
wafer is obtained. 
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(57) [^i^ij] (^lE^) 

•5. 

^0.6min/iDin K±i: bT?liitf Tff ^.n:^;;, -g-^^^jg 
S*n6ppmalJlTtr. HicOiJ-'f X*^*60~130niD X'^ 
?M« C O P dtiSSS{C#ffi-r-l>^^^B#*^ e.# etlfe"^ 
x-AtC*fLT, tiiittll^ • tijtJ^a)Sg^fflUT1200 
*C«±. lfj>K±, *-2.l^(SA*-y5'S|S!;ffla^T'1200'C 
«±, 30i)'J!^;^±©Tx-;l.^5!lSS:fT'5>-'j3>mSSa 
'^x-/N©^iJiS:?ffii:ii;>:Pil->'j a >msS'^x- 
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immwBW^T.^^ 7.\.xmz.i^')^ 

4ol^T, v-U =3 >¥^^ao^fi>Sffi^O. 6 mm/mi 
n«±<i:LT^I±tfT#e>nfc, ^W^^i^KT^n 6 p 

p m a «Tc7) COP tm^mz^^r^i^ u ^ >#^a 

• ^.5S?^rSl^M^fflt^>T 1 2 0 0T:JBl±OfiST\ 1 
0?Pp1JI^ ± O T JPSiJUS ^fT e> C i: f ^ i> U 

nJW±<hL.T?l±tfTt#^>n^c, ^WS?3^J§^?5n 6 p 
p m a JiUTcT) COP ^^f^^iS^ffitC^^&f ^ U 3 >m«gS 

S5^^t::#ffi'r^COPCO-y-'1'X7&^6 0 — 130 nmT 

[W*JB4] MIBCOP75nffico^?M?&^e)?^^^S^ 

-rn?&^ 1 iitcfBKL.;^OU a >^^^'^x-/NcD^Saii 

[iS^RJg 5] COPC[)-tf'f X75^*6 0-- 1 3 0 nmT* 
-Si^U 3>'^x-Atril^ttSffl^TT 1 2 0 or:i^± 

[iS^^el COP7&^.lf@cD^P7&>e:^cJ:^^SXfif5T 
$,-5>-'J :3>»i7X-At-M7Ettl?H^TTl 2 0 0t:EA 

± o 31 ^ ssf ^ ^ -r ^ U 3 > »^ X 

« L U =1 > X- A (OlS^ jES'il:^ So 

a it t z 0 ^ X — A CD c o p ^ n ;t 5> ' j 
n>m^S'>x-Ao 

[0 0 0 1 ] 

^ X - A CD S?^ 31 :^ & ii CD S I r J: D ^ a ^ ?g S ^ 
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Lx < {£ $ U 3 > * ^ S X - ; M C ^ f ^ o 
[0 0 0 21 

v^%<D^m fie?^. i/u:3>*?es^x-A(^ssx 
fl:ii;&^:^cc < ;i -5 <h K^<D^1':^fit«t7:?^**8^ $ 1 e» 

^Tfe-S 1 2 0 0t;-Xr6 O^cDTk^TX-Jl^^fToT 

-siitT^^^^nTt/^-So $e>{3Cco:^St3:, 7K*7x— 
5g T X - ; 1/ 31 f -S* X - A { w t) txh ^ a ^ CO 
[0 0 0 3] ::rL<!:i^S'lcD::^ffi^bT^ ^^SSefeSiiS 

20 $^7^^ i^-f X7&^:k^< ?S:-pX^IIWtct^xAWX(^)^ 
f b Bi W ffi ^ (7) m ^ 4* ^ ^ f b $ it ^ 1^ H ^ :^ o T V ^ -5 o 
^icDct^tc, v-U n>^j^S'i7X-At::7K^T--;u^ 

izm-Dx^^^o-^^m^nx&^o 

[0 0 0 4] ifi^T^'/NWXXStCi^V^T^S^O 
^{gT^-a-^lSH^bTtjCOP (Crystal O 
riginated Particle) (D^tE^^^^^f 

30 enxi/i-So covL\%. m^^&n\zmx^n^m^ 

'&c:i:;:»^*^^;5^oTl/^^o Clc^COPfri. ^ffiWSt^cO>- 
U n > X — A ^ T > ^ X T i@ ^^b* ^ CO Jl^JK tr ^ 

^^6e)tCCOP i:Off^P$tiTl^^o 
[0 0 0 51 ^VX. 'i7X-AO^®tZ#ffi'r^COP 

itm:<om^mm.^^^\^ (rime Dependen 
t Dielec tr icBreakdownrTDD 

\-xcov^m'p'^'^^^t.ifi'^-mhUr:^x\^^^. 

[0 0 0 6] ^tz. mn<Dmi\:MM\]i. (Time Z e 
ro Dielectric Breakdown:T 
ZDB) t;:t>j^S^®:t^bT(.^^<h^^t?nTt.^^o 

tc, COP \t'fn^ Tsumz^^^x-hmmm^^Mi^x 

50 li^^l-^ibnTl^^o fi?iJAti. SOI (Silicon 
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On Insulate r) ^X— C O Pi^?? 
[0 0 0 7] COCOP^«^>$it^^rffitbTv*^ 

^n-DXh ^ x-/\*HcD COP ^^t3m^i^i^-r> 

S^^gLT4oO. $^lrlt^e5S®ifi0lr'bCOP;ii^* 
^^^^L-Tl^^c 'i7X-A^®<DCOP;e?n^Mb/cJ:l.^31ffi 

ti, 12 0 ot:. 6 o^^cDi€fi"e*^Tx-;u 

UTt). »^x-Ar^gBt3COP^i^oT^3 0, **yx 

trnWimm iz^m izmnrz cop i^s^^ \z 
<<^D. ^^^izmm^zmnrzcopit^ibizmmL 
iz< <tsi^o mu^izcop^^mnr^i^^^oizT^iz 

[0 0 0 8] zn\t. >''jn>t^i 2 0 ox:, eo^cD 

^i^t-Dxmi^^iz^mizmnrzcopi^. jiy^>^ 
[0 0 0 9] ^±j^-<rz7i(.mT=^-)vt\tmo^coF^ 
mm b^v^cop^'bofc^ X— /N V) , 

^ C7) i?) tr X -/N 05c 75: ^ U a >m^^1t ^ ^ I 

coF<D^-of3:xm^m^r\z\^. mm^Bo:)^&mm^ 
m<vx)i:mvx^rzf)^. zLnxitcoFomtm^^-r 

^f)^. ^(D^^^ltmizL^Xh^oTz^. zixDmmmw 

e fffc'^'x- A X— ji^ja^i L T c o p 
mvf^\^mm<D:^:^m<. mrf<Dtimx\tcoFxm^ 

[0 0 10] 

<ii3fs^mmj^jzm.^f^^nrz^<Dx\ :^^m(D^mtT 
^m\t. cop^cd-^x-as®. ^m^izw^-t^m 

^ ^ ^ ;S /h PS 1 3 Wi X 5^ U n > * ^ ^ X - A ^ S 

^izmntzy'/i^ xmi^^ju>m^^oj:-/\^mmL 

^ I ± ^ ^ tK^ T X - ^L-jas^ ^ ^ ^ m^ii- -5 i 
<toT, ^E^JrMj>:PS5>ur3>^^S^x-A(D^S^ 

[0 0 11] 

:^^B^<Dm^miizmmLrz^BMit. ^a^^jix 
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^'-mz^v)iy^j'D>mm^BW^^&-^it. ismss^B^ 
^ t; X b-Tft u -I >^^a ^ x-/\ ^ jlTcftl? 

S^S^O. 6mm/m i nt^±<hLT§l±tfTf#^n 
fc, 6 p pmai^T<7)COP;0^iSes 

^x-At'*fLT, .^Liiijp^ • S3i?^ai«s<£ffii>T 1 

2 0 Ot:£A±OSST, l?il'^P«1^^±cD7x-;i.^S!l31^ 

[0 0 12] z.:iXs Mmmm*m.m^mtit. b^ies 
S®Hr'^^^nfc^ffl3ijp4'(c':>x-A^iffc>(-SA 

'5'x-y\^^®]l^F*gcoiS^fiStciESbfc^. 

mm:^mxmt>\z-mmtmm'r^:^mx$>^o ^icoa-^tc 
mm^x<D^u. f^i^mj^'^m9J}^m)PWzoj:-j\^. 

n — y'^>^mi^^frt)tiii^ti^v:itx$>^. fzfz 

timm^^^fzmm^m.mn\m*-m.mnnmm (Rap 

id Termal Annealer. ^T. R T A 

[0 0 13] COct-^tC, ^fe-r, CZStr<fcOS/'J -f> 
¥M^aC7)fife:l3i^^O. 6mm/m i nJ[^^±. <iOJff^ 
L<ti, 0. 8mm/m i n^±(DiS3^T^I±tfT, ^ 

mmmmm^tf^ i e p pmai^T<7?copp^?^*is^^tz??SE 
^^^>x^'f xbTf#e)nfc»5^x-A{i^*bT, .%iSiinf^ 

• m3i^^^S^mt.^T, il7ctt#H^T> 1 2 0 or 
«±co^S-e. lfi>Peia±coTx-;na4!i3ii^?f^«. 
■^zx-ASS^fe^fc^SPgjcD COP ^::^tstcM^^iJ:fc 
i>U 3>^^S'^X-A^f^S-r^Ci:7:?^*T#, y^AW 

P^WL'P'^^^^t.tmmf^±U^o:>^x.-;\\znvx 

hm.nmx%tmx^^rz^mmm^^hK>. -^c^izmm 

40 ^mii7.W^^mx^^rz^^±^^]^±rt^. 

[0 0 14] ^LT, *fgBJcOiS:*S2 tCEKbi^c^B^ 

x-A€:M7ntt#ffl^*tr^5[l31-r§;^ffi(z43UT, 5> 
Ur3>*^ScOEES^S^0. 6mm/minl^±. J; 
D^?^b<^iO. 8mm/m i n £;^±i L'T§l±tf T# 
^ntz. ^^S^ig^i^U 6 p pmai^Tc0COP;6^*i© 

^^ffi-r ^ v- u 13 >mm^Bmt^ e>x^^xbTf#e 

n;^cc>x-Air*fbT, >'\*^v5"^l^fflgJ^^ffli^T 1 2 
5^? 0 0 t:J[^±Ot^^-r, 3 0:^rBm±<D7x-;H^5aS^ 
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fT 3 c <h & iNp ?s -r -5 u 31 > ^ ^ s »^ X - A o ift 5a a 
[0 0 151 ccT, j^y^^m9B^m^t\t. m 

Ammttm'r^t±mm^'£^rLhS:<tiii^^f)^. urn 

[0 0 161 z,<D^z>\z. m^miiztEmLTzmM^m 
o ,?p s <^ >^ u 3 > e> X ^ X b T 5^ u 

i^mizM'p-^'^^ch^^x^. y';^-^ xti^xmitmm 
^^tmz. :kmmox,'-;\{zttvxmz^mx. ±m 
[0 0 171 :i<Dm^. immsizmmvti^^iz. m 

COP<Dit-r X;^^6 0-- 1 3 0 nm-Cfe-Sd^h, ;^€»t/ 
atrO. 6 mm/^m i nJ[^±. 4tfCfi0. 8 mm/'m i 

nu±<Dmmxm±\^fn{i^B\zi^mx^. vfj^h. ^ 
mmmmmf)^! e ppma^-rcDmm^tttwt. co 
pp^m(Dm<tmh^^fx.<u^(Dx. ^^x-aotk^t 

X " ; U «!l S { r ct T C O P ^ ffi a6 T § M t r tN « $ -d: ^ 

[0 0 1 81 :^mMmn^ms\zt^m,i.rc^m\t. co 

PcD-t^--f Xt^^'G 0 — 130 nrnTfe^v-U a>»^X— A 

^^mt-r^ v-u 3 >¥i^s»^x-A<7)^5!i3i:&ffi-c* 
0, ^bTif*3i6 {3fB®u;^c^B^(i, cop^n{@<D 
<^ 7^ ^ ^^RST & ^ 5> U a > r> X- A tcilTctt 

#s^T-ei 2 0 ot:je;±<^iaffis^ss-rc t^itssi 
-r^i^U =i>m^^^x-A<7)^5a31;5STfe^o ;ico 

^COPc^vU n>»:7X-/NT*ntf. ^(DfPiS;^^^ 

^t^r, m7t^nmm.yx^um9!im^'m\icoFf}^ 
[0 0 1 91 ^i.x:^nm(DiiJ^m7 \zmmi^rz^o 

\z. WISjlTcttSS^^. 10 0%7K^#H^, ^^l^ 
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mi^<Mt'p^its ^m^>'^)^>xm^xmiMM^'t7 

[0 0 2 01 -^i^iz. :^mm(Dm^ms\zmmvrz:^m 
\t. mmn^miu^^tm^mi \z$imvtzmmm^m 

rt^ji-J\X$>^o ^<D^v\z. 1*3^^1 7 

\z^mL^rz^Mmyji^\z^Dmmmvxi¥m^nrzi^o 
zi>mm^ox,-/\\t. cop(oif-rx^^/h$<, *^ 

10 TX — jl^tCctoT. fi6*tr^7X-A(DSB7&^e>WlfI!tCffi 

aLfc7j<^tCcfc D CO PCOl^Mc^K<t:^:0^il7t:?§fi?$ 
"^x— A^®;^^'^>c0'>U:3>O#tS&{Cci:0^?I^t^ii 

fte>'b>nTcoptitBis£^-tt^n> ^^dM^fsfe^-u n> 
±b, ^m^i^±'r^mm^xmmfs:i^v:i>m^^o 

jL-;\fr^^tf)^x^^o 

[0 0 2 11 ji^j^T, :^^m\z'D^-^ ibizmmizmM-r 

1^111*3 gPlC^ffit"^ CO PCD«Ig^56^lrM^$it^C 

mmx. mn-^^-i xocopfj^M^miz^fE-r^^m^ 
w^i¥Mi^. cn;^^e>f#/b^x— a^tK^tx— ;u-e^ 
saa^fntf. coPiest^¥b<M^"b, m^^rss^u 
n > J^^a ^7 X- A ^ # ^ :i Ttt^T ^ ^ c ^ ^ b . 
^^^^m^Lx:^mM^^^'^'^rz^<Dx&^o 

[0 0 2 21 2t:^B^oS*W;^^^*iiTfBOSl^frcS 

TD) om^Mmm^mwim (tem) ^sg^ffv^. 
7!^t 2 - 4 nnKDmi^mitmxm^tifziEAmi^o^m^^ 
2-^3 ffl^)^ b/tS3i-e^#:o-9--r Xt^U 0 0 - 3 0 0 

nm<D:t'-yXi^^:it^mBVrz (M.Kato et al. :Jp 
n.Appl.Py 5.35(1996)5597 ) « 

[0 0 2 31 tz:^^^. ^om^ ^^u^m^om^. 

ALrziy>^)im(D^m'/)^^^z.h^w^xmM.Lrzo 
:i(Dzy>^)um^jE/~\m^(D^mx. •^--rxt^ e o — i 

3 0nmT, g^ft:Mti±IS3i«^aJcD«'& J: 0 t> $ 6 1:: 

40 m\^^f)\ ^^i.fs,^^m'^^$>^z,Lf)mmi.rzo ^b 
T, i^>^)i^mt.y^ >^h')':/\yy \-M<Dm^^\t. X 
mm.m<Dwm^kmziD\^^x\tzy>^)imx. ^y^>^b 

t^n^X^fZo 

10 0 2 41 m5\t. y--(>m^m<DmiSLmm^7fkvrz 
m^^mx&^o ^S:m^^<Di^MMm\zi6\.^x. 
(a) x\t^ji2 o(Dmm^^fh^K^m^i^^mf)m^^n 

^« (b) '^bTtfeft^bT<^^7L^®iRbTfig;S-r^ 
iilplBttC. ^?HC0^D(Ct&^W®g^2 1 ;()^m^oT#T 
5^? ?i|ViK{bJ^2 2:^^Ji^^$n^o (c) (d) -c^i^^^^ 
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(e) o 

[0 0 2 5] '>>^;i/Mi:^>^-r>'- h U T'U' 

[0 0 2 6] ±fB31^^$e)m¥ffllr«WLfc 
-5 i:bTl^fcei<htC?:c^. CtlTiiliicDCOP;6^;^C# 

o T » l> > ^)]^m COP ^^^^^ $ 

[0 0 2 7] 2p:^0j-rti. f>U r3>*SS)B£S^fr<7) 
1^, ^!±tf^^ti. 0. 6mm/'m i nii(±. ckDJf^ 
b<tSO. 8mm/m i nUil±C7)^i5^^bT, COPCD 
^-fXf)m^\ie 0-13 Onmi:/jN$ 

^^ctDJ?^U<[l. '^J;^tfl. Omm/m i ni!^±<hV^ 
^^S^-^^iT^i^ta^U^^o 0. emmXm i n*KT 
££:^bffl^^lM^r^^^ COP|^ffiCD^{t:M=bjP<;^ 

x\t. 6 0-130 nms^T. \Hm(Dmtm\ti&mm 
[0 0 2 8] zy^jz2>mmmw(DSimtVT. -^^mm 

SS^16ppma (J E I DA) *f^L<(^l 
0 p pmai^^T^-r^t^OT^^M^bl'^o 16ppma^@ 

[0 0 2 9] '>ozi>mm^BW(^^mmmm^^mmr 
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umm^mwizMmr^m. ^^^^^(D^&xmmizm 

[0 0 3 0] mi^X. ±fBS/U=3>*^^^X^^7^L 

TAgm) ^rzitj-^y^^m^mmi^^mi^^x. mmm^ 

Tctt^ffl^TT. 1 2 0 OX:£i±<DUmX\ RTA^S 

x\tim^m±. /"^y^-^mmm^xits o6^msx±. 

10 #tc, z,(Dm^M^mz^n\tcoF^^^uwm 
\zm\z't^zit^'^mx^^o ^\^x. :i<^*^T-- 

i^T, mitmm^o^f^ibrmmm^mMm^'&h^^^'Dfz 

[0 0 3 1] 

[%B^c7)*:^co?^M] ^T. ^^m(D^mmm\z'^'^m 

^-5. rtTB^$tlTV^^t><Di:LT. A«A S TitiS, 

SHS - 2 8 0 oco^-5;^^B^^tf^;i<h;6^T^. ;i 

[0 0 3 2] :*:^BJTffiVi;^c£/U3>j^Sa»> 
X-ACD.%^5Pgi • (RTAgg) <D-m 

mmi3^iihx^^^K ijn^t:-^2. 2* o^i^flotr 

^i. l^^iS^'r^fc56cDA':7>?>^?^3;&^ES$nTli 
4^ [0 0 3 3] ^(OT1j\Z\t. *^5^-^>n4<i:^->?.7' 

I/- h5;^^Es$n. ^;i/>?^i[^i. ^i-a.h^iirsgL' 

TV^^. -^UT'^X-A8^iX7^"v7±tCffi^$n'5 
cfc -9Ew;^ci:oT:feO. 7.t^-v? 7 f^t-^ 9 (3 T±T 

>A 4 lS^::&f^;0^e "i^X-A^Jpl^trta LxnT# 

^iH^coi^X-ASAPT^i^S^t^nTl^^c "^fz. ^— 

0, ^p^iiT.mmm.^mmx^^^^izf^'ox^^^^o 

50 [0 0 3 4] Ji^JiCDct-^^^cfl^Ma^g 1 OtCcfcoT. "i^; 
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[0 0 3 5] ^Jl/v^A- 1 f^7J>^*mMMffiT^t#^tlfc;^c£ 

*^^nTi^-&coT, »:7x-Aii:io{4STtiii5fi{t:b 
[0 0 3 6]^LT, »^X-/^OX7^->^7 
l^lrif A-r^c:<htCJ;oT, X5"->^7 ^ 1 2 0 orJi^A 
tc;SiaiSiS!L3l^Jn^^o ccoJ®^. tK^^^-v >/n*4[*3co 

[0 0 3 7] ^LT, X-T— V 7 Hff 

<h-r^o ccDTf^Wjf^t). f^jA^f2 o*j?SK-rfT3c<h 
mai^n^o m^k\z. '^x-AA>Hu>^iigfrci;o 

T, ^X-/\^SjOttl-r::^i'cfcoT, ^ii!l31^^7T 
^ €)lc|^®3l-r^'>x-A7$>^*fe^«'&t::ti> 
1 0 <7)r^S^I^fl^i±T?'ci:v^<z)-e> tcr^'x—zN 

[0 0 3 8] ^A±.<D^^ts.. m^m^imm * m.m^^mo^'^m 
tmMm^m^m^^^. 0 o%i?fflm4'T. v-un 40 
>¥^S^x-/\^ttms:TiaM3i^fTofco ffiffib;^c 

(CZffi) tCctO, 0. 8 mm/m i n-- 1 . 2n\m/ 
m i nCD^|±tfaaf-eiSjg^n;^c, ^^^s^SSt^U 6 
ppmai^T"C. HSoo-t^-f X:?&^6 0-- 1 3 0 nm 
X^?[^;6^ ^> 7^^ ^ C O P T^i^^iiS^Kt' ?^a-r -2) -> U a >^Jg 

[0 0 3 9] fSiffl31C0M7Et±f?ffl^t^v 1 0 0 
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tx^fzo 1 2 0 ox:^mx\t,cop/kmt^'^\zm^i&^ 
[0 0 4 0] cocfc-^tc, 2^^0^<7)if-r xco/h^uco 

P^Wr'5'i7X-A(rRTA^®^ffll^T*^7X-;U 
UTt» X- A , m \zm^<o COP 

L,x*5D. ^s/^pfSi^u n>^«sa'j7x-/N^S3g'r^c 

t75^*T#^o «£oT, c:07K^Tx-;uS!i3lb;^c'i7X- 
A^^fflTn«, *^i*:xAM AtUTt), Kfb^B 
/E> ^P#^igS:«^!t#'l4^(Dm^it#ttl::flltlfc5'AWX^ 

h^^ffis6Tji<. COP7&^tNW-r^aStc;^cC'50trS-r 

tt\^x^^^\zmu\zu^^ covm^mT^%<DL^ 

[0 0 4 1] m<J)i^mT:::z-)Vh\^xn-j^^m%^mifP 

{i, ii^, ]^^^;tii1fl^o^^a3g*ptcia^O'i?x-A 
^aSb, *#:^X^^AbTl:tlJ^itJ*I^?^^t-#MLfc 

m'^urnxm-^m^m^B^w^mv. vcnm^'o<^ 

tnUT^. \.^t:^yi>^ny^^(Dm^9J]M^X&K^. 

\z±m(o^Mmtn]mx&^t^. ^x.-n<Dmx. asm 
mm^m^^hi-^-^ ^ )>\zw^m^W:\^^ tfttsRTA 

[0 0 4 2] ny^^m%tm^\z^^7mT:^'-')V(Dm 

•r, 7jcm;^A 1 0 0%#ffl^T, S»^l^llT;U=f><i:0 
rl^^EI^T 1 2 0 0 t:J!^_L'Tr5!i31-r^:'&^\ m^wmm 
tl3 0 5i^PHlJW±7&^M^bV^o 3 0 5i^7NS§TtiSi«[lll?;!l« 
;5;t+5i^^;&^^^-r, C O P 0 tSScL.?'ci:V>o 

[0 0 4 3] :z(D^o\z. nv^^mmmm^m^\z^'D 

Tt>. *:^BJ(^)-th-rX(7)/h$l^COP^Wr'5^X-A 

t c * ^ r X - ; i/L T t# ^) n X - A CO c o p t i 5^ 

is£bT4oO, ^^ffli^U zi>mSS^x-A^M3S-r^ 
ciiT&^-r^'S. «E-:?-r. dO/K^^Tx-ji/ffiaibyi^x 
-A^fiEffl-rntf. ^^^^/\'-1'X(hLT. g[{b^M 

X^^.^tz. mo^Wi'^-lomz^^L. ^x-A^StIi^ 
e*^0. 5 /xmS^^^-ecT^r^^X— A^^gBcDCOPOO^ 

^tcMUTti, nv^^^Mm^xigrnvtz-^tm^^ 
t.^mum^tim^nx^K>. ^mnrnz^-ox. rt 

[0 0 4 4] 

[*j^«] RT. :^mM<D^mmtbmmt:m^fxmt^ 
mizmmT^^^^ :$^^m\tz:n^izWi^^n^^(Dx\t 
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mmmi) v-u =3 >*ss§i±^fiig (SE) 

0. 6. 0. 9 5. 1. 4mm/m i nCOHg^P^i: L. 

(O i ) ;0^|pIL: 1 6 p pmaT'il^8-r> 

CC7)^x-/^^ 1 0 0 0-- 1 2 2 Ot:(Z)|BfflT*^T — 

LPD (Light Point Defect) ^— 

[0 0 4 51 "^m^^. mi\Z7T^l.tz.^o\Z. RTAm 

m (ASTassHs- 2 8 0 0) ^m^^tz. i o o% 

120 or, 1 0g?cD7jc^Tz:-;i/^c7)COP 
U.^^Xt^O. 20-0. 1 2 Mm<^IESItc43V>T. 
^n^'n5 0. 6. 2fi/»>X— /\T^D, ^f±tf5IS 
i^ai^;&3ii^COP:^^'¥U<M^i>L/co ■e>;^^t;. SE 
(?l±tf3iS) 4mm/m i n-T?, Oi y&n 6 p 

pniaO':7X — ;^tC*tL.T, 1 0 0 %. 1200 

[0 0 4 6] eiCDC^^^^, mi^m^&tVX\t. 12 
0 Ot;i^A±;6^W^Ll^Ci:. ^TciSiS^litf -^X-A^^ 

*mzx-;i/f^^, LPD (COP) !K^mnmvm 

^^^^^i^m^tmz. Jg^iLTCOPO^I>7^j:iir>x- 
{i. ^I±tf^^OttglCfeJ;^;i>^ 0. 6mm/min 

[0 0 4 7] (^MM2) "rn^ :^\zBm^^'A.^^m. 

^f3.Uo ^zix\ mmit^B^miz^omitmcDm-^^i^m: 

^-•vi^ ^)z}>^c OF ^mim-r^zLtx^ m^:^i^\z 
m^i^rzmxmi^-r^z:tizi.rzo M^iftm^ 1, oa 

:^^^m^o, 5 iim^x(Dcop<Dm^ m^m) 

[0 0 4 8] 02ti. z:(Dm<tm&iz^^coFm\^^ 
MmLrz7icmT--)i(Dm^^7j^Lrz^0x^^o >->j 

:3>^S^^I±tfj^S^, 1. 4, 1. 4, 0. 9 5m 

m/mini:L. ^^mMmm (O i ) ^^^tl'^m 

6, 12. 1 6 p pmaO^X— A^^tlL. SMtClP 

$0. 9 5 um^xa:)m<i:m (S i O2 ) ^mmitiz^ 

^^m^itTzmm^i^mL. ^x-AigggBocop^ 
m itmm iz ^ 0 m\m l ;^co s»j ±12 3 cd x -/\ 

RTA^g^^ffiliT. 10 0%^K^. 1 2 0 0t:, 10 

iP$0. 9 5 Mm^-rcD^ftii (S.iOi; ) ^BMitlZ 
^0±^^ittzUn^i^SlV. ^:i:-A^gggOCOP 
^^fbMffii:: D L tzo 
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[0 0 4 9] -^c^^^^. ^^Tx-jU^ja^a^iiL 

[COP] (fisfc/^X"A) ^m2\zm^'yy ti.x 

mmXm i n . MMM^f)^ ! 2 p p m a COlSlsi-CD 

LPD(7)3^CDM^>^ (^513 7 2 %) Ti/^^Sfe:;^^;^^^ * 
^^-">'^l^^ct^^'i7X— 0. 9 5mm/min 
T?l±lf;^c^X-AOLPD;i>^g^>^-;^;6^oyc (^^6 2 
OOfi/^x-A) 7K^yx-;i.^ff tpfc«^> L 
PDcoMii>^je»^M=b/h$;^iit?;t ($^1 8%) o :i(D:Lt 

nn\t. mm\.\z<\.yz.t^. ^tz. mm^^xcop 
<Dmt^\^^i)^. xmfh^nnmnm\.w^u:iL^7r: 

iifc^LTi^^c 'iSt-DX. n^%\ALifxmkmmm(D^ 

x-/\^^ffi-r^C^;0^, *^yx-;HcJ:^COPc:> 
fgM tig Wj^T ^ ^ i: I o C i o 

[0 0 5 0] mmmz) 'A\z. TLTA^miz^^bT^m 

mWz^);t%$:l.X^rz. zy^)::i>W^¥B^\}i\fmm (S 
E) 1. 4 mmy'm i n L, ^^^^^gS (O 
i) 6 p pmaO^x-yN^^liL. RTA^g^ 

ffii^T*^ 10 0%. 1 2 0 ot:, 1 o^raicDTK^zx 

^fr o feo m \zn V '5^j^m^W^X\-t-^mT:z^-)V 

9J^mnm^e^ o^m^\.fz^Amt. KTAmmhn^w 
xmrnmi^fzo ^o^m^, m3(DW^'y^\z7r^r. m 
z^-'^m^t^f^^oiz. RTASgftctna. ^x-/n 

SSOCO P ti^tJ 8®/'j7X-A<i:¥L<M^LT*5 
30 A*;/-^^^JE[IS*P (*3 9 SIS/'^X-A) cfcD^^^ 

\zmmx^^o 

[0 0 5 i]:;*{i, ^x-A^agpocopco*#Tx 
-;u^«!L3135&m^lt«^"r^;td6. f^^fbSCOPgiJ^;^ 
ffllifco ':7X-AcD®Mi*^yx-;i.S!l3l^frti_hfB 
chlpi— e^^o ^^ft:jSO'>'x-Aco?^fflS!b, 
^mm2 hnm\zL.xn,9S:m^mvxo. 9 5Mm^T 

(Dmtm^^&^^Tzm. COP^^iJ^Lfco "ta^^^ 

m4\zm^*'yyxyT:t. mAt^i^^B^i^-fy^tx^^oiz. 
KTAmm\z^ti\t. ^x-A^gap mo. summ 

40 ^^T) CDLPD (COP) COe^ (S^ ^ :J&f^ CDft^j^ 
fit) tS, ^^2 0 0 0®/^X— A'r$)'S)COfC^LT. /\* 

/y5FS;MSa)Mi^t«1i9 5 o<@/»?^x-AT^O, ^x 

-AS®y^^e*9 0. 5 Mm^^iTC7)COPOSi^{Z^ 
L T A 5^S;^iffl31^TSa]l L T ^ -5 c 
[0 0 5 2] 1^. *:^BJti. ±IS^;^?F^^{C|gS$n'5) 

4#fF it CO® ffl IBf? ^ ^: M fr I^- 

^ ^ T ^ t3 T C7)t$«6^j^ H ^ n -5 o 
[0 0 5 3] ^%^m.mmmxnM^\zyr^\.fz^ 
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[0 0 5 41 

^!±tfTf#6nfc, -^^^^igST^n 6 p pmatJ^T 

»^ X - A S ffi 43 J: t)^ S 1 SfB CD C O P ^ ^ L < M ^ 1i- ^ 
^iiTtf^^T^. ^^PfS'^x-y\^f^M-r^c:<h^^T^^o 

[01] tcai)Pl?ft •.%^?^^»eT7K^Tx-;n^«!i3i 
<^tTo^cf^<7)':7X— A^®(DL PD (COP) S^<!:f^ 



(8) mmW- 11- 186277 

;i^i^ja3i?tco^x-ASPgi5c^L PD [COP] mwi 

/^x-A) ^^l:l:SiU;tIlT$>^o 

Tx-;i/5[iii^fri:f#e.n;^cLPD (COP) la^^jt 

Tx-;i.Jia31bTt#'bnfc'::7X"A^^gBcoLPD (C 
OP) <@Si^Jt$$L.fellT^^o 

i^? -So (a) ^?LcD^ft. (b) »t^^fbMcD?i^filt, 
(c) Sgfl:^tCct^^?LKJR<D^fi«. (d) mzz<Dmn 
OfiES, (e) ^yi'^Sy^ff^O^^o 

[0 61 ^:sL'-J\^M^mm^.^ MM^M-c^^muo^- 

2, 2' -jjnijst-^, 
4-7K?&^^>y\\ 

6"-^}#iM, 
7-X5^-v^, 

8 — >J :3>»i7x— 

1 0-|Si®31^B, 

2 0-^7L, 

2 1-^^^1^^. 
2 2-g^{b^, 

Jt? 2 4 •••Ac 
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